Salmonella Typhimurium remains one of the most common causes of salmonellosis in animals and humans in the United States. The emergence of multi-drug resistant Salmonella reduces the therapeutic options in cases of invasive infections, and has been shown to be associated with an increased burden of illness. In this study, 588 S. Typhimurium (including var. Copenhagen) isolates obtained from either animal diagnostic specimens (n ‫؍‬ 199) or food animals after slaughter/processing (n ‫؍‬ 389) were examined for antimicrobial susceptibility, presence of class-1 integrons, and characterized using pulsed-field gel electrophoresis and phage typing. Seventy-six percent (448/588) of isolates were resistant to at least one antimicrobial. Salmonella isolates displayed resistance most often to streptomycin (63%), tetracycline (61%), ampicillin (61%), and to a lesser extent, chloramphenicol (36%), ceftiofur (15%), gentamicin (9%), and nalidixic acid (4%), with more resistance observed among diagnostic isolates. Salmonella recovered from turkeys (n ‫؍‬ 38) exhibited the highest rates of resistance, with 92% of isolates resistant to least one antimicrobial, and 58% resistant to Ն10 antimicrobials. Class 1 integrons were present in 51% of all isolates. Five integron associated resistance genes (aadA, aadB, pse-1, oxa-2 and dhfr) were identified. A total of 311 PFGE patterns were generated using XbaI, indicating a genetically diverse population. The largest PFGE cluster contained 146 isolates, including DT104 isolates obtained from all seven animal species. Results demonstrated a varied spectrum of antimicrobial resistance, including several multidrug resistant clonal groups, among S. Typhimurium and S. Typhimurium var. Copenhagen isolates recovered from both diagnostic and slaughter/processing samples.
INTRODUCTION I
NFECTIONS WITH NON-TYPHOID Salmonella enterica serovars represent an important public health problem worldwide. In the United States, an estimated 1.4 million cases of salmonellosis occur each year, resulting 16,000 hospitalizations and 600 deaths (Mead et al., 1999) . The majority of the Salmonella infections in humans are attributed to ingestion of contaminated foods of animal origin, however recent outbreaks have been associated with tainted fresh produce (Gomez et al., 1997; Liming and Bhagivat, 2004) . Direct contact with infected animals has also been associated with illness (Bradley et al., 2001; Fey et al., 2000) . Alternatively, there are numerous sporadic cases of human salmonellosis from which the source is not always identified.
There has been increasing concern over the past thirty years on the worldwide emergence of multi-drug resistant phenotypes among Salmonella serotypes, in particular S. Typhimurium (Besser et al., 1997; Threlfall et al., 1996) , and more recently S. Newport in the United States (Gupta et al., 2003; Zhao et al., 2003) , Canada (Weir et al., 2004) , and France (<www.eurosurveillance.org/ew/2003/03070 3.asp#2>). S. Typhimurium definitive type 104 (DT104), resistant to at least five antimicrobials-ampicillin, chloramphenicol, streptomycin, sulfamethoxazole, and tetracycline (ACSSuT, R-type)-has been one of the leading causes of animal and human salmonellosis over the past 10 years (Grebreyes et al., 2004; Glynn et al., 1998; Rabatsky-Ehr et al., 2004; Ribot et al., 2002) . According to the most recent annual reports of the National Antimicrobial Resistance Monitoring System (NARMS) from the CDC and USDA, S. Typhimurium remains the most common serotype isolated from ill humans (CDC, 2001) , and ranks among the top five serotypes recovered from ill food animals (USDA, 2001) .
Despite the importance of Salmonella in human illness, there have been a limited number of studies focusing on multi-drug resistant S. Typhimurium in both food and companion animals and between diagnostic and slaughter isolates in the United States. Several epidemiologic studies indicate that DT104 is commonly recovered from a variety of food animals, including cattle, sheep, pigs, goats, chickens, and turkeys as well as horses and domestic pets (Besser et al., 2000; Low et al., 1996; RabatskyEhr et al., 2004; Threlfall et al., 1998; Weese et al., 2001) . In a retrospective study, Besser et al. (1997) reported that S. Typhimurium exhibiting the ACSSuT R-type was absent in 44 cattle isolates obtained before 1986 in the Pacific Northwest region, but accounted for 13% of 83 isolates obtained between 1986 and 1991 and for 64% of 51 isolates obtained since 1992. This study and others (Gebreyes et al., 2004; Rabatsky-Ehr et al., 2004) concluded that multidrug resistant S. Typhimurium (including DT104 variants) has become a prevalent animal and human pathogen in the United States.
Although antimicrobial resistance in bacteria can usually be attributed to target gene mutations or induction of efflux pumps, multidrug resistance phenotypes are often gained from extra-chromosomal genes associated with large transferable plasmids, on which may be other DNA mobile elements, such as transposons and integrons (Hall, 1997; Mazel et al., 1998) . These mobile elements can transmit genes encoding resistance to numerous antimicrobial drug classes, and may account for the rapid dissemination of resistance genes among different bacteria (Davies, 1997; Gebreyes et al., 2004; Guerra et al., 2000) . Integrons have a specific structure consisting of two conserved segments flanking a central region containing gene "cassettes" that usually code for resistance to specific antimicrobials (Hall and Stokes, 1993) . Over 60 gene cassettes including those conferring resistance to beta-lactams, aminoglycosides, trimethoprim, chloramphenicol, cephalosporin and quaternary ammonium compounds have been identified (Hall, 1997; Mazel et al., 1998; Mulvey et al., 2004) . To date, despite much research into the resistance mechanisms among Salmonella isolates, the prevalence and relative contribution of integron-mediated, multiple antimicrobial resistance among S. Typhimurium and S. Typhimurium var. Copenhagen isolated from food animals and companion animals has yet to be fully characterized. In this current study, 588 S. Typhimurium and S. Typhimurium var. Copenhagen isolates, recovered from food animals and companion animals, obtained from the animal arm of the National Antimicrobial Resistance Monitoring System (NARMS) were characterized for antimicrobial resistance patterns, PFGE profiles, phage types, and presence of class 1 integrons.
MATERIALS AND METHODS

Bacterial isolates
A total of 588 Salmonella (234 S. Typhimurium and 354 S. Typhimurium var. Copenhagen) were included in this study (Table 1 ). All isolates were obtained from the animal arm of NARMS historical collection (1999) of Salmonella isolates located at USDA-ARS, Athens, Georgia.
A total of 199 isolates were recovered from animal diagnostic specimens, and 389 from carcasses of food-producing animals at slaughter or the derived consumer meat products as part of FSIS compliance testing (Table 1) . Isolates were recovered from food animals including cattle, chickens, pigs and turkeys and its meats, or companion animals including cats, dogs, and horses. Bacteria were grown on blood agar (Difco Laboratories, Detroit, MI) and stored in trypticase soy broth (TSB; Difco) containing 15% glycerol at Ϫ80 0 C until use.
Antimicrobial susceptibility testing
Antimicrobial minimum inhibitory concentrations (MIC) of Salmonella isolates were determined via the Sensititre semi-automated antimicrobial susceptibility system (Trek Diagnostic Systems, Westlake, OH) and interpreted according to NCCLS standards for broth microdilution methods, where available (NCCLS, 2003) . Sensititre susceptibility testing was performed according to the manufacturer's instructions. The following antimicrobials were tested: amikacin (Ai), amoxicillin/clavulanic acid (Am), ampicillin (A), apramycin (Ap), ceftiofur (Ct), ceftriaxone (Tx), cephalothin (Ce), chloramphenicol (C), ciprofloxacin (Ci), gentamicin (G), kanamycin (K), nalidixic acid (Na), streptomycin (S), sulfamethoxazole (Su), tetracycline (T), and trimethoprim/sulfamethoxazole (Tr). Escherichia coli ATCC 25922, 35218, Enterococcus faecalis ATCC 29212, Staphyloccoccus aureus ATCC 29213, and Pseudomonas aeruginosa ATCC 27853 were used as controls in antimicrobial MIC determinations. Antimicrobial susceptibility testing was conducted at the USDA-ARS in Athens, GA.
Detection of class 1 integrons by PCR
The presence of class 1 integrons was determined using previously described PCR primers: 5Ј-CS 5Ј-GGCATCCAAGCACAAGC-3Ј and 3Ј-CS 5Ј-AAGCAGACTTGACTGAT-3Ј . DNA template was prepared by boiling a bacterial culture in 500 L of distilled water for 10 min followed by centrifugation. Amplification reactions were carried out with 10 L of boiled bacterial suspensions, 250 M dNTP, 2.5 mM MgCl 2 , 50 pmole of each primer, and 1 unit of Gold Taq polymerase (Perkin Elmer, Foster City, CA). Distilled water was added to bring the final volume to 50 L. The PCR cycle included an initial denaturation at 94°C for 10 min, then 30 cycles of denaturation for 1 min at 94°C, primer annealing for 1 min at 54°C, and extension for 1 min at 72°C, and a final extension at 72°C for 10 min. The reaction products were then analyzed by electrophoresis in 1.0% agarose gels stained with ethidium bromide, visualized under UV light and recorded using a gel documentation system (Bio-Rad, Hercules, ANTIMICROBIAL-RESISTANT S. TYPHIMURIUM 171 a "Cattle" includes slaughter/processing isolates obtained from beef swabs, ground beef, raw beef, processed beef, bull carcasses, and diagnostic samples; "Chicken" includes slaughter/processing isolates obtained from raw and ground chicken; "Swine" includes slaughter/processing isolates obtained from ground pork, processed pork, pork swabs, swine carcasses, and diagnostic samples; "Turkey" includes slaughter/processing isolates obtained from ground turkey, processed turkey, turkey swabs, and diagnostic samples; "Cat," "Dog," and "Horse" indicate Salmonella diagnostic isolates. CA). For each set of PCR reactions, S. Typhimurium CVM4499 and E. coli CVM 996 were included as positive and negative controls, respectively.
DNA sequencing analysis
Integrons amplified from 24 Salmonella isolates, from various animal types with different size and pattern combinations, were selected for DNA sequence analysis. Amplicons were purified using a PCR purification kit (Boehringer Mannheim, Indianapolis, IN), and sequenced using an ABI automatic DNA sequencer (model 377, Perkin Elmer), at the Office of Research at FDA/CVM at Laurel, Maryland, using the above described forward and reverse primers. Different sized DNA fragments associated with isolates containing more than one integron amplicon were cut from the agarose gel and purified using QIAquick Gel Extraction Test Kit (Qiagen Inc., Valencia, CA). DNA sequences were analyzed by searching the GenBank database of the National Center for Biotechnology Information via the BLAST network service.
Pulsed-field gel electrophoresis
Pulsed-field gel electrophoresis (PFGE) was performed according to CDC protocols (CDC, 1998) . Agarose-embedded DNA was digested with 50 U of XbaI (Boehringer Mannhein) overnight in a water bath at 37°C. The restriction fragments were separated by electrophoresis in 0.5ϫ TBE buffer at 14°C for 18 h using a Chef Mapper electrophoresis system (Bio-Rad) with pulse times of 2.16-63.8 sec. The gels were stained with ethidium bromide, and DNA bands are visualized with UV transillumination (Bio-Rad). S. Newport am01144 was used as the control strain. Isolates presenting DNA smear patterns were retested using plugs digested with XbaI and subjected to electrophoresis in buffer containing 50 M of Thiourea in 0.5ϫ TBE buffer. DNA fingerprinting patterns were analyzed using Molecular Analyst Software Fingerprinting plus Version 1.12. (Bio-Rad). PFGE patterns were submitted to CDC's national molecular subtyping network (PulseNet). The banding patterns were compared using Dice coefficients with a 1.5% band position tolerance. Isolate relatedness was determined using the unweighted pair group method using arithmetic averages (UPGMA).
Phage typing
Based on PFGE patterns, antimicrobial susceptibility profiles, and animal type, 36 S. Typhimurium and S. Typhimurium var. Copenhagen isolates were selected for phage typing conducted at the National Veterinary Services Laboratory (NVSL; Ames, IA), using previously described standard methods (2) .
RESULTS
Antimicrobial resistance phenotypes
Among the 588 isolates of S. Typhimurium and S. Typhimurium var. Copenhagen, 448 (76%) exhibited resistance to at least one antimicrobial. The most common resistance phenotypes observed were to streptomycin (63%), tetracycline (62%), ampicillin (61%), and sulfamethoxazole (60%). Resistance was also observed, but to a lesser extent, to chloramphenicol (36%), kanamycin (29%), cephalothin (18%), amoxicillin/clavulanic acid (15%), and ceftiofur (14%). All isolates were uniformly susceptible to amikacin and ciprofloxacin, however, 4% of isolates demonstrated resistance to nalidixic acid (Table 2 ). Gentamicin resistance was most often observed in Salmonella recovered from either turkeys (both diagnostic and slaughter) or equine diagnostic samples (34% and 28%, respectively). S. Typhimurium isolates recovered from turkeys were considerably more resistant to all antimicrobials tested, with the exception of apramycin, as compared with isolates obtained from other animals. For example, of the 25 S. Typhimurium isolates demonstrating resistance to nalidixic acid, 22 were of turkey origin. Ceftriaxone resistance was only observed in turkey isolates, whereas apramycin resistance was observed primarily in swine Salmonella isolates.
Overall, antimicrobial resistance phenotypes were fairly similar between diagnostic and slaughter isolates (Table 3) . However, several interesting differences were observed between slaughter and diagnostic isolates. For example, cattle and turkey diagnostic isolates were more frequently resistant to ampicillin, kanamycin, streptomycin, sulfamethoxazole, and tetracycline than slaughter isolates (Table 3 ). In contrast, resistance to streptomycin, sulfamethoxazole, and tetracycline was more common ANTIMICROBIAL-RESISTANT S. TYPHIMURIUM 173 among swine slaughter isolates than swine diagnostic isolates. Nalidixic acid resistance was almost evenly distributed among turkey slaughter and diagnostic isolates (57% vs. 59%, respectively) ( Table 3 ). Most Salmonella isolates tested displayed resistance to multiple antimicrobial agents: 68% were resistant to Ն3 antimicrobials, 49% were resistant to Ն5 antimicrobials; and 5% were resistant to Ͼ 10 antimicrobials (data not shown). Among the 31 Salmonella isolates resistant to Ն10 antimicrobials, 22 (12 from slaughter, 10 from diagnostic samples) were recovered from turkeys, four from horses, three from cattle (one from slaughter, two from diagnostic samples), and two from cats. The most frequently observed multidrug resistance profile among S. Typhimurium and S. Typhimurium var. Copenhagen isolates was ACSSuT (n ϭ 112, 19%), followed by AKSSuT (n ϭ 59, 10%), and AAmCeCt (n ϭ 29, 5%) ( Table 4) . Certain antimicrobial resistance profiles were also found to be unique to particular animal species. For example, the multidrug resistance profile, ACCeKSSuTTr, was only seen in cattle isolates from both slaughter and diagnostic samples (n ϭ 10/10), whereas 10/11 isolates exhibiting the AAmCCeCtGKNaSSuT and 12/16 isolates demonstrating AAmCCeCtKNaSSuT profiles were recovered from either turkey diagnostic or slaughter samples ( Table 4 ). The multidrug-resistant phenotypes (Ն3 antimicrobials) were very similar between slaughter and diagnostic isolates (data not shown).
Presence of class 1 integrons and integronassociated gene cassettes
Class 1 integrons were detected in fifty-one percent (299/588) of the Salmonella isolates tested (Table 5) . Salmonella Typhimurium and S. Typhimurium var. Copenhagen isolates recovered from swine and cattle were shown more often to possess class 1 integrons (68% and 62%, respectively) compared to isolates recovered from other animal species: cat (50%), dog (50%), horse (36%), chicken (28%), and turkey (24%). Seven integron gene cassette combinations were identified among the Salmonella isolates (Table 5 ). The most common integron PCR profile identified was a combination of 1.0-and 1.2-kb amplicons (49%, 148/299), which is a common pattern present in S. Typhimurium DT104 isolates, followed by a 1.0-kb integron amplicon alone (44%, 133/299). Certain integron patterns were unique to isolates from particular animal origins. For example, six isolates possessed three integrons of 1, 1.2, and 1.6 kb, and were all of bovine origin, where a 2.0-kb integron was mainly seen in equine Salmonella isolates (n ϭ 4/7).
Integron associated gene cassettes were amplified and sequenced from 24 isolates representing different animal origins as well as dif-ZHAO ET AL. 174 AKSSu  13  8  5  -----GSSu  12  -2  9  1  ---ACCeKSSuTTr  10  10  ------AAmCCeCtKNaSSuT  16  1  --12  --3  AAmCCeCtGKNaSSuT  11  ---10  --1 a Multi-drug resistance patterns include at least 10 or more isolates. b A, ampicillin; C, chloramphenicol; S, streptomycin; Su, sulfamethoxazole; T, tetracycline; K, kanamycin; Am, amoxicillin-clavulanic acid; Ct, ceftiofur; Ce, cephalothin; G, gentamicin; Tr, Trimethoprim/sulfamethoxazole; Na, nalidixic acid. ferent integron sizes and patterns (Table 6 ). All 1.0-kb integrons encoded the aadA gene, which confers resistance to streptomycin/spectinomycin. With the exception of two isolates, all 1.2-kb integrons encoded the bla pse-1 gene, which confers resistance to ampicillin. One of these two exceptions (isolate no. 7895, cat) yielded the aadA2 gene from the 1.2-kb integron. Another (isolate no. 7825, horse) 1.2-kb integron encoded the dfrA1 gene, which confers resistance to trimethoprim, plus a putative coding region of unknown function (orfF). All five 2.0-kb integrons isolated from different animal species carried three identical ANTIMICROBIAL-RESISTANT S. TYPHIMURIUM 175 genes, dhfrXII, orfF, and aadA2 (Table 6 ). The dhfrXII gene is an alternative allele encoding resistance to trimethoprim. A 0.85-kb integron from a pig isolate contained the aadB gene encoding aminoglycoside (2Ј) adenylyltransferase, conferring resistance to gentamicin/ kanamycin/tobramycin. One of the 1.6-kb integrons isolated from a pig isolate carried two genes, oxa-2 and orfD. The oxa-2 gene confers resistance to beta-lactam antibiotics and orfD has no known function yet. Another 1.6-kb integron from a horse isolate also contained orfD, in addition to dfrV, encoding dihydrofolate reductase type V, and conferring resistance to trimethoprim. Sequence analysis of 1.0-, 1.2-, and 1.6-kb integrons from one cattle isolate revealed that the 1.0-and 1.2-kb integrons were similar to other 1.0-and 1.2-kb integrons encoding aadA, and bla pse-1 respectively, but the 1.6-kb integron encoded the aadB and aadA2 genes.
Genetic relatedness of Salmonella isolates
Using digestion with XbaI, a total of 311 PFGE patterns were generated for the 588 isolates tested, with a similarity index ranging from 45% to 100%. One-hundred and forty patterns were observed among the 234 S. Typhimurium isolates, whereas 192 patterns were obtained among the 354 S. Typhimurium Copenhagen isolates (data not shown). Many S. Typhimurium and S. Typhimurium var. Copenhagen isolates shared indistinguishable PFGE patterns. Although some PFGE patterns were only seen among isolates from certain animal species, many patterns were shared by isolates recovered from all seven animal species. However, there appeared to be no correlation between PFGE patterns and animal host. With regards to specific PFGE patterns associated with Salmonella recovered from different animal hosts, 100 patterns were generated from 166 pig/pork isolates, 90 patterns from 131 chicken isolates, 88 patterns from 186 cattle/ beef isolates, 36 patterns from 39 horse isolates, 29 patterns from 38 turkey isolates, 13 patterns from 16 dog isolates, and eight patterns from 12 cat isolates (data not shown). The PFGE patterns observed among horse isolates were more diverse as compared with other animal isolates.
Certain PFGE pattern clusters correlated well with antimicrobial resistance profiles. For example, some clusters contained isolates that were all susceptible or resistant to only a few of the antimicrobials tested, where others only included multi-drug resistant isolates. One of the major PFGE clusters contained 146 isolates that were obtained from all seven animal species and exhibited a pattern similarity of 92-100%. The major antimicrobial resistance profile of this cluster (n ϭ 105 isolates), was ACSSuT, a typical DT104 multi-drug resistance phenotype. However, 15 other resistance profiles, including phenotypes demonstrating resistance between two and eight antimicrobials, were also observed among this cluster. Additionally, three isolates grouped into this cluster were susceptible to all 16 antimicrobials tested.
Correlation of phage types, PFGE profiles, antimicrobial resistance patterns, and integron content
Thirty-six isolates were selected for phage typing based on PFGE patterns, animal origins, antimicrobial resistance profiles, and integron patterns (Fig. 1) . Twenty-four isolates were typed as DT104 or DT104b, two isolates as DT193, and one each as DT12, DT208, and U302. Seven of the isolates were considered non-typeable. All DT104 or 104b isolates shared 95-100% PFGE pattern similarity. For the most part, phage types correlated with PFGE profiles, antimicrobial susceptibility profiles, and integron patterns (Fig. 1) . However, three isolates of phage type DT12 (CVM4522), U302 (CVM4577) and one non-typeable (CVM7793) shared an indistinguishable DT104 PFGE pattern. Ten DT104 and DT104b isolates exhibited the ACSSuT resistance pattern. Other DT104 resistance patterns observed included; SSu, ACSuT, ACKSSuT, AmACSSuT, ACeCGKSSuT, and AmACCeCtSSuTTx. Fourteen DT104 and DT104b isolates contained the combination of 1.0-and 1.2-kb integrons, seven contained only a 1.0-kb integron, and one DT104 isolate contained only a 1.2-kb integron. Two DT104 and one DT12 isolate were susceptible to all 16 antimicrobial tested and did not contain an integron. Two DT193 isolates demonstrated an ACKSSuT resistance pattern, and contained a 1.0-kb integron. One DT208 isolate exhibited an ACGSSuT resistance profile and contained a 1.0-kb integron. Five of seven non-typeable isolates shared a 90% PFGE pattern similarity. All five of these isolates also contained integrons of 1.0, 1.2, and 1.6 kb, and exhibited an ACCeKSSuTTr resistance profile (Fig. 1) .
DISCUSSION
Emergence of multi-drug resistant phenotypes among S. Typhimurium strains is an increasing global concern (Glynn et al., 1998; Threlfall et al., 2000) . Human infections caused by antimicrobial resistant Salmonella have been associated with increased economic costs as ANTIMICROBIAL-RESISTANT S. TYPHIMURIUM 177 FIG. 1. PFGE profiles, phage types, integrons, and antimicrobial resistance profiles of S. Typhimurium isolates of animal origin (n ϭ 36). Typhim, S. Typhimurium; Tyco, S. Typhimurium var. Copenhagen; A, ampicillin; C, chloramphenicol; S, streptomycin; Su, sulfamethoxazole; T, tetracycline; K, kanamycin; Am, amoxicillin-clavulanic acid; Ct, ceftiofur; Ce, cephalothin; G, gentamicin; Tr, trimethoprim/sulfamethoxazole; Na, nalidixic acid.
well as increased hospitalization rates, morbidity, and mortality (Travers and Barza, 2002) .
Our results indicate that multi-drug resistant phenotypes were common among S. Typhimurium isolates recovered from diagnostic and slaughter/processing samples collected in 1999.
The typical DT104 associated penta-resistance pattern (ACSSuT) was the dominant resistance profile observed, with the highest rates detected among swine and cattle isolates (both slaughter and diagnostic samples). However, prevailing multi-drug resistance profiles among Salmonella isolates differed by animal host of origin. For example, AmACtCe and GSSu resistance profiles were mostly seen in chicken isolates, AAmCCeCtGKNaSSuT in turkey isolates, and ACSSuT and AKSSuT in swine and cattle isolates, respectively. It has been suggested that S. Typhimurium DT104 has adapted to a broad animal host range, subsequent to and independent of its stable carriage of the ACSSuT resistance profile (Briggs and Fratamico, 1999) , which is chromosomally located. In this case, the resistances does not necessarily reflect recent drug exposure, but rather, the widespread dissemination of a successful clone that has adapted to compensate for any fitness costs associated with resistance. Other less common multi-drug resistance phenotypes, particularly those on mobile DNA elements, may be more closely associated with the use of particular antimicrobial agents in different animals, however, further research is needed to determine these complex associations.
Fourteen percent of Salmonella isolates were considered resistant to ceftiofur (MIC Ն 8 g/mL), whereas only two isolates were resistant to ceftriaxone (MIC Ն 64 g/mL). All 84 ceftiofur resistant isolates, however, demonstrated decreased susceptibility to ceftriaxone (MIC's of 16-32 g/mL). Most of these isolates were recovered from chicken (n ϭ 39, 46%), followed by turkey (n ϭ 21, 25%), cattle (n ϭ 11, 13%), horse (n ϭ 7, 8%), swine (n ϭ 4, 5%), and cats (n ϭ 2, 2%). Ceftriaxone and ceftiofur both are considered third generation cephalosporins, with ceftiofur being the only antimicrobial in this class approved for systemic use in foodproducing animals in the United States . This agent was first approved in 1988 as an injectable therapeutic agent for the treatment of acute bovine respiratory disease and has been subsequently approved in other animal species, including pigs, sheep, chicken, dogs, and turkeys (Bradford et al., 1999) . Studies have demonstrated a significant association between ceftiofur resistance and decreased ceftriaxone susceptibility in E. coli and Salmonella. spp . This observation has caused concern regarding the use of ceftiofur in food animals as a potential selective agent responsible for the emergence and dissemination of ceftriaxone-resistant enteric pathogens such as Salmonella (Fey et al., 2000; Winokur et al., 2001 ). Since ceftriaxone is the drug of choice for treatment of severe salmonellosis in humans, especially for children, the emergence of resistance to this antimicrobial class is of particular importance (Crump et al., 2003; Fey et al., 2000; Slinger et al., 2004; Winokur et al., 2001) . Additionally, 25 nalidixic acid resistant S. Typhimurium isolates showed decreased susceptibility to ciprofloxacin (MIC's of 0.25-0.50 g/mL, data not shown). Though these MICs are several dilutions below the resistant breakpoint (Ն4 g/mL), this decrease in susceptibility may have clinical implications, as there have been reports of treatment failures with Salmonella isolates exhibiting decreased susceptibility to fluoroquinolones (Threlfall et al., 1998) . Interestingly, the majority of nalidixic acid resistant S. Typhimurium isolates (23/25) were isolated from turkey, regardless of source (e.g., slaughter vs. diagnostic), which may have resulted from prior fluoroquinolone use in turkey flocks. However, as we do not have antimicrobial use information for either third generation cephalosporins or fluoroquinolones, causal correlations between use and corresponding antimicrobial resistance profiles are difficult to determine and requires additional studies.
The class 1 integron has been shown to play an important role in the acquisition and dissemination of antimicrobial resistance genes in previous studies (Hall, 1997; Sandvang et al.,1998; White et al., 2003; . Class 1 integrons have been identified in Enterobacteriaceae isolated from food animals and companion animals (Low et al., 1996; Sandvang et al., 1998; White et al., 2001; ).
Integron associated gene cassettes identified in our study have been previously reported associated with E. coli and Salmonella isolates associated with several animal species (Guerra et al., 2000; White et al., 2003; ). To our knowledge, this is the first study to compare the prevalence of class 1 integrons among S. Typhimurium including S. Typhimurium var. Copenhagen isolates recovered from four major food animals and companion animals. Our findings demonstrate that class 1 integrons are commonly present in S. Typhimurium and S. Typhimurium Copenhagen isolates, regardless of animal type and sample (e.g., diagnostic vs. slaughter/processing). The most commonly observed integron patterns were either 1-kb or a combination of 1-and 1.2-kb amplicons, and were associated most often with either cattle or swine Salmonella isolates. Interestingly, although turkey isolates overall demonstrated the highest antimicrobial resistance frequencies, they had the lowest prevalence of class 1 integrons (24%).
We also report new evidence that certain S. Typhimurium strains possess a third class 1 integrons, composed of gene cassettes encoding resistance to multiple antimicrobials including aminoglycosides and beta-lactams. A recent paper also presented evidence for a chromosomally located third integron of approximately the same size as we detected (1.6 kb) in S. Typhimurium DT104b isolates (Daly et al., 2004) . However, the gene cassettes they report (dfrA1 and aadA1) differ from those observed in the third integron identified in our isolates (aadB and aadA2). Interestingly, five of the six S. Typhimurium isolates that possessed three integrons, were all recovered from cattle slaughter samples, shared three similar PFGE patterns, and were non-typeable via phage typing. The detection of these strains may signify the emergence of a new, yet to be characterized phage type, which is slowly acquiring multiple antimicrobial resistance genes via integron associated mechanisms.
The PFGE results indicated a genetically diverse S. Typhimurium population, as a total of 311 PFGE patterns were generated among the 588 isolates tested. However, many PFGE patterns, including those of multi-drug resistant strains, were shared among isolates obtained from all seven animal species, in particular, the DT104-like PFGE pattern which was seen among 146 isolates. This is not surprising considering the clonal dissemination of this particular phage type (Briggs and Fratamico, 1999) . PFGE results also showed that S. Typhimurium and S. Typhimurium var. Copenhagen isolates recovered from different animal types can be genetically closely related. PFGE analysis could not separate these serotypes into distinct clusters, as multiple PFGE patterns were shared by each. These overlapping PFGE profiles should be expected, since the two serotypes are distinguished only by a single epitope (variant Copenhagen lacks O:5) (Frech et al., 2003) .
Phage type results showed that multi-drug resistant DT104 isolates were recovered from all seven tested animal species. Interestingly, not all DT104 isolates exhibited multi-drug resistance phenotypes. Among the 24 known DT104 isolates, two were susceptible to all 16 antimicrobials tested. Although the major resistance profile observed among DT104 isolates was the ACSSuT R-type, other resistance profiles were also identified. Many DT104 isolates contained the combination of 1.0-and 1.2-kb integrons; however, three of them did not possess an integron at all. Some DT104 isolates also contained only a 1.0-or 1.2-kb integron. All DT104 and DT104b isolates shared similar PFGE profiles with a 96% pattern similarity; however, one DT12, one U302, and one non-typeable strain also shared indistinguishable PFGE patterns with DT104 isolates. These data suggest that Salmonella Typhimurium U302 and DT12 may be emerging phage types to be monitored as they have both been shown to be genetically related to DT104, and in the case of U302, possess the same antibiotic resistance genes as MDR S. Typhimurium (Alvarez et al., 2004; Walker et al., 2001 ).
CONCLUSION
The emergence of multi-drug resistant Salmonella reduces the therapeutic options in cases of invasive infections and could have serious public health implications. Unfortunately, the spectrum of antibiotic resistance in S. Typhimurium continues to increase worldwide.
In addition to the commonly reported DT104 R-type ACSSuT, resistance to other antimicrobials such as trimethoprim, ciprofloxacin, and ceftriaxone has also been detected (Fey et al., 2000; Threlfall et al., 1996 Threlfall et al., , 1998 . The results of the study presented here demonstrate a varied spectrum of antibiotic resistance, including several multi-drug resistance phenotypes, among S. Typhimurium and S. Typhimurium var. Copenhagen isolates recovered from both food and companion animals. Overall, antimicrobial resistance phenotypes were similar between diagnostic and slaughter Salmonella isolates, although several interesting differences were observed. Results also indicate that integron-mediated antibiotic resistance is common among S. Typhimurium and S. Typhimurium var. Copenhagen isolates. However, the presence of integrons among Salmonella isolates did not account for the total resistance phenotypes observed, suggesting the presence of other chromosomal and plasmid mediated antimicrobial resistance genes.
